Abstract
Introduction
The OECD (Organisation for Economic Cooperation and Development) claim that investments in the educational sector influence the productivity of an economy, and thus have a high return on investment for society [28] . However, the German education sector suffers from a lack of finances and resources [38] , especially since the numbers of students have been increasing for several years and are expected to grow even further during the next years at a possible ratio of 25% [25] . Thus, delivering a qualitative learning service fitting to individual needs becomes more and more difficult.
eLearning materials offer the opportunity of increasing individuality and quality of the learning process by encouraging students to learn at their own pace. To implement eLearning, however, instructors 1 Parts of this research were funded by the German Federal Ministry of Education and Research in the project BlendedContENT (www.blendedcontent.de), FKZ 01PF08022A may have to re-design courses, create content, administrate learning platforms, offer students advice, and assess learning outcomes [15] . They have to switch between roles of affective (creating a good atmosphere in the classroom), cognitive (helping students achieve learning goals) and managerial (creating, delivering, and assessing the course from an organizational perspective) tasks [8] .
Considering this situation, we need to look for new ways of delivering a high quality learning service that takes into account the possibilities of new media, didactical needs, and economic constraints. Web 2.0 platforms, such as Wikipedia, show that content creation does not exclusively depend on single domain experts. In addition, many people feel motivated when contributing to a product like a Wiki. However, in educational contexts we need the right processes and tools that support students in content creation while still providing a guarantee of high quality. With intelligent integration of students' minds and information technologies, these goals can be achieved while leveraging the instructor, thus helping to deal with stagnating resources. This paper presents the results of a case study that was based on a traditional, instructor-centered, large scale lecture, but was successively enhanced with more interaction and student created eLearning modules over a period of four semesters. The main measures taken were the following:
1. Introducing small tasks during the lecture by letting students create their own true-falseitems with regard to the course content that could later be used in the exam, and 2. Supplementing learning materials through a videoconferencing consultation hour, a video broadcast and interactive web based trainings (WBTs) that were implemented not by the instructors but by the students themselves. The goal was to enhance the course in two ways: First, we wanted to offer students a better service with higher perceived quality. Second, we wanted to raise the actual learning outcomes. To evaluate the achievement of objectives, the course was evaluated after each semester with the help of online questionnaires and a comparison of exam results.
The rest of the paper is structured as follows. The next section introduces related didactical and economic basics. The background of the case study and the research methodology are described in the third section. The fourth section outlines the evaluation tools before the results are presented. The paper ends with conclusions, limitations, and recommendations for future research.
Related work, didactical and economic context
The goal of our research was to improve a large scale course with regards to learning outcomes and learner satisfaction with economically reasonable measures. This required converging the two different and sometimes conflicting perspectives of economically oriented educational and pedagogical control [26] . The next paragraphs briefly explain didactical basics, as well as the economic challenges, from a service delivery perspective.
Understanding the learning process
At its core, learning is a change of the state of the human being expressed in a change in the individual's behavior based on experiences [13] . When the process of learning is supported by information and communication technologies, we talk about electronic learning or the more common "eLearning" [20] .
Experiences that trigger learning processes are gained through different ways of interaction, e.g., with content or between learners [35] . Learners actively look for meaning in things [5] and construct their own understanding of the world. Knowledge is viable as long as it fits with experienced reality. When it comes to testing and adapting one's knowledge, social interaction plays an important role: learners need the opportunity to discuss and reflect on their opinions [1, 6, 14] . In this way, knowledge is co-constructed through a permanent process of divergence and convergence, where learners iteratively adjust their understanding.
While this principle describes the learning process at its core, learners differ much with regard to their experiences, personal needs, desires, and preferred individual learning styles [23] e.g., a more passive consumption of knowledge, visual representations, or active engagement in real world scenarios. Offering eLearning modules helps learners work at their own pace and choose the way in which they want to interact with contents [19] . Thus, a learning scenario should offer different sources of knowledge acquisition and different ways of interaction with peers, the instructor, and the learning materials.
Teaching as service delivery
While a learning arrangement is planned with regard to didactical aspects at its core, one also has to keep in mind that delivering a lecture is a resource demanding service. When taking into account the different phases of the service delivery [9] , resources are needed for the potential dimension as well as the factor integration. First, instructors have to keep available contents, methods, technologies, and everything else they need for delivering their course. Second, the delivery process itself demands that instructors spend their or their team's time on the lessons themselves, adjusting materials, and supporting or assessing students.
This leads to the question of which parts of the teaching service can now be standardized, automated or delegated to the customer (the learner) in order to save resources without reducing the perceived service quality. While new technology does allow offsetting face-to-face lessons, service research clearly states that face-to-face contacts are a crucial part of service delivery, impacting also perceived quality [11] . These thoughts are supported by learning theory, which stresses the importance of social processes.
However, when splitting the teaching process into several parts, some sub-processes that demand most resources can be automated or delegated to the learner [37] . For example, learners spend a lot of time with self-regulated learning. They recapitulate contents of the lecture with the help of the script or whatever learning materials are offered. For this reason, cost efficient ways of creating high quality learning materials are very beneficial for students.
Background of the Action Research project
The research presented here was conducted at a German University in the course "Introduction to Business Informatics" aimed mostly at students of business administration and economics. The course is offered each semester with 150 to 300 participants. It was planned and implemented as a traditional frontal lecture supplemented by small-class tutorials with graduate assistants. Students are graded by the scores of a written exam at the end of a semester. We wanted to increase learner satisfaction, as well as learning outcomes, without using too many (or at best no) additional resources. To achieve our goals, we went through the typical steps of action research.
Methodological approach for the Action Research project
Typically, action research focuses on evaluating measures in real life situations to solve specific problems, and is divided into five specific steps which are taken iteratively [34] : diagnosing, action planning, action taking, evaluation, and specifying learning. We followed these steps and tried to improve our concepts and tools after each semester, before restarting the cycle from the beginning. With regard to the case study, the five steps included the following.
Diagnosing: First, we analyzed our current situation and the problem/s we were facing. In general, the large scale lecture was lacking interactivity and individuality. In addition, we were expecting increasing numbers of students, and thus had to look for ways of raising the level of interaction and individuality without needing to use more resources. As a first step, we used methods from the Service Engineering domain, such as Service Blueprinting [37] , to identify critical parts of the learning and teaching process. We identified two main challenges. First, interaction is one key element for learning and learners' satisfaction. There are different types of interaction, the most important being learner-learner, learner-instructor, and learnercontent interaction [27, 35] . In the current situation, there was nearly no learner-learner interaction during the lecture and just a slight level of learner-instructor interaction when the instructor asked some questions. In addition, learner-content interaction was mostly focused on a traditional script, offering not much diversity or visual appeal. Second, a major challenge in teaching is addressing the students' different learning speeds and styles. Students differ in the sensory channels through which they best perceive information and also their preferred learning method: inductive or deductive [10] . Thus, we also wanted to offer a wide range of high quality learning materials that students could freely choose from for self-paced learning.
Action Planning: The new learning materials should be more appealing, highly interactive, and diverse. In this context eLearning materials offer the advantage of self-paced learning as well as stimulating different ways of perception. As stated by other authors, we hoped that a higher degree of learner control might lead to better learning outcomes [32] . But because development of eLearning materials takes a lot of time, we decided to involve our students in the creation process based on the idea of "learning through teaching" [17] . According to this idea, learning can be supported by students switching to the role of a teacher. A student acting as a tutor has to reflect deeply on the content he wants to teach. In addition, explaining things to others requires skills with regard to creativity, selfconfidence, and communication. We adapted this idea onto the creation of eLearning materials within the framework of a seminar on "Web Engineering." After the "Introduction to Business Informatics" course, students could choose to take part in this course. Since they were supposed to learn the basics of Web Engineering with Flash, this course was ideally suited for allowing students to create interactive eLearning modules. This measure will thus be the focus of our paper, explained in greater detail in the next section.
These Web Based Trainings (WBTs) were supplemented by videos of the lecture offered as live streams, as well as records stored on the learning management system (LMS). While the videos were not user generated, they offered the possibility of creating learning materials quickly and at low cost.
In order to raise the interaction in the classroom, two small assignments were integrated into the 90 minute lecture. At two times in each lecture, students were asked to create "true-false-items" with regard to the contents they had just learned. These items were exchanged, discussed, and revised between the students, and then delivered to the instructor. The best items were used in the exam at the end of the semester. The idea behind this is that students' attention declines during a teacher centered lecture, and active breaks help them to re-engage as well as reflect on what they have just learned [29] .
Action Taking: Delivery of the lecture as a video stream was easily implemented, thanks to the central LMS of the university. The assignments where students created their own "true-false-items" were also easily integrated into the course, since no additional material was needed for this. The challenging task was to get students from the Web Engineering lecture to create high quality eLearning modules that would deliver a real benefit to their peers. The first eight WBTs were used in the first semester, and then supplemented or exchanged by further WBTs during the next semesters. The content production process is outlined in detail in the next section.
Evaluation: Evaluation focused on the students' satisfaction as well as learning outcomes. Data were collected from two sources: 1) online questionnaires that students filled out at the end of the semester immediately before the exam, and 2) the results of the exams with regard to the score students had achieved were compared in order to measure learning outcomes.
Specifying Learning: After the evaluation, measures were taken again in order to improve the learning scenario further, e.g., the creation process of the WBTs was adjusted in order to generate more appealing and interactive eLearning modules for the next semester.
Integrating students into content production 3.2.1 Creating true-false-items during the lecture
Students were involved in the process of content production in two different ways. First, as mentioned, they created true-false-items during the lecture, a method entitled: "Co-Create Your Exam." During traditional classroom teaching, there is the tendency for students' attention to drop from time to time; however, small breaks of about two to three minutes are helpful to regain their attention. Olmsted [29] suggests several types of "active breaks," including assessments or feedback. We wanted to focus on one method so that students would not have to adapt to different ones. However, we chose to combine the assessment with the feedback. By letting students create their own true-false-questions, the instructor would get insights into what content students struggled with or had already understood (considering that students would probably focus only on stuff they felt they had understood well). On the other hand, by having students pass the questions to their neighbors and solving them, there was a sort of peer assessment which can foster learning by teaching since it supports critical discussions between students [36] .
The implementation was very simple. After about 30 to 60 minutes, the instructor advised the students to take a sheet and write down three statements dealing with the content they just heard. At least one of those statements had to be true and one false. After a few minutes, students exchanged their sheets and tried to answer their peer's questions. The students also had the opportunity to discuss answers or adjust what they had written. The sheets were then collected by the instructor, who would later select some of the items as part of the final exam, and some were uploaded on the LMS in electronic format.
In this way, one of the core principles of learning, the social exchange, is introduced to the large scale lecture. In addition, the process does not demand any resources from the instructor, except choosing the best items for the exam. Creating similar items would surely take at least the same amount of time. Apart from that, the created items could even be used as supplementary learning materials in future semesters.
Creation of web based trainings
The creation of the WBTs was a very complex process. A WBT is an encapsulated eLearning module that can be used for self-regulated learning. It offers all the advantages already discussed in the background section. Students can learn at their own pace, anytime, anywhere. The materials can also stimulate different senses by use of video, audio, and textual information, which can offer much more interaction than do paper based materials. The dynamics of the media also allowed for animations that could aid understanding of complex processes.
But all these advantages are in effect only if the materials are created properly. The materials need to take advantage of the potentials of the medium, be didactically sound, and have flawless contents.
The underlying concept of what we did is called learning through teaching [17, 16] . When being responsible for explaining things to their peers, students are expected to engage at a deeper level and improve their communication skills. But the students need to be guided in this. The seminar "Web Engineering" was thus extended with some didactical basics. In addition, the students received guidelines on how a WBT could be structured, which common mistakes should be avoided, or how interactive assignments could be implemented. They also received a standardized layout for the WBT, along with several examples of animations or assignments they could adjust and use in their own modules. In this manner, we could guarantee that all trainings had the same look and feel, as well as basic common features.
The general topics of the WBTs were predetermined by the instructor, and all dealt with the lecture "Introduction to Business Informatics." However, the students were offered a great deal of freedom in setting the focus and creating new kinds of animations or assignments.
The process of implementation of WBTs started with students creating a storyboard. This was reviewed by an instructor with regard to the learning goals and first impressions. A second storyboard was then developed and again reviewed. Based on this final review, the students then implemented the actual WBT.
Further, students of the Web Engineering course were introduced to the technical basics of Flash and Web Programming in several lessons. The course was based on much self-regulated learning. The instructors were asked to offer their students considerable freedom when creating the WBTs, since too much instruction would not lead to greater motivation and deeper learning processes [2] . To facilitate the development process, the instructor regularly posted hints and templates, or answered questions, thus showing constant presence [31, 22] . Apart from general tips and advice, the instructors always offered direct 1:1 feedback on questions or products such as storyboards, as direct feedback is crucial for motivating learners [21] .
This process was iteratively improved by instructors. For example, many students faced problems when planning their WBTs addressing learning goals that were higher than just pure knowledge acquisition [3] . Even when it came to teaching modeling techniques -a basic skill in Business Informatics -students often relied on simple multiple choice tests as assignments. After realizing the problem, the instructors offered a new template for implementing modeling tasks into the WBTs, thus enabling learners to compose whole diagrams on their own, instead of just answering simple questions. This is just one example of how the content production process was gradually improved. During the fourth semester, part of the feedback that the instructors gave on the WBTs was exchanged for peer-reviews. In this way, even more responsibility was later delegated to students. During the feedback phase students could take a look at other's WBTs and point at good ideas or flaws. Peer assessments have proven to be quite reliable in identifying strengths and weaknesses of students' learning products [36] . The peer review process was also scaffolded by a guideline given to the students that was intended to encourage them not just to identify their peers' mistakes, but also to offer open-ended and suggestive feedback, as implied by Topping [36] .
The final WBTs were assessed by instructors who chose which ones were suitable for being used in the lecture. These WBTs were then finalized by instructors by identifying and deleting the last flaws concerning content or technical implementation.
The content was kept up-to-date in two ways. Smaller changes were implemented by the teaching staff and the research assistants. If there was need for major changes in a WBT, it was completely exchanged with a newer one. This was possible due to the fact that the general topics of the WBTs were determined by the teaching staff, and each semester new WBTs were created by the students.
Evaluation

Methodological Aspects
Deriving statements on the efficiency of the different actions aimed at increasing learning outcomes and learner satisfaction requires defined reference measures not only for the success of each single action but also for all combined actions (in this case, measures for the success of the entire blended learning course). However, in field research it is difficult to define success measures or cause-effectchains for single actions / interventions, as these affect the users both independently and in combination with other actions; therefore, their impact cannot be regarded in isolation. Often it is only possible to measure and evaluate the sum of several actions and influences as a whole.
For the proposed formative evaluation, we used self-reporting data sources (online surveys). Choosing an online survey as a method to collect data poses some important consequences for the process of the investigation and for the design of the questionnaire (for further details see [12, 4] ). Some basic problems generally occur when conducting online surveys. The sample is self-selected, since evaluation participation is voluntary, and therefore cannot be regarded as being representative; thus, statements about "non-participants" cannot be made [18] . The questionnaire used in this study was structured, tested, and consequently adapted to the needs of the specific targeted audiences. For this purpose, a pretest, followed by a discussion with the test persons, was conducted. In addition, an onlinepretest was carried out, which tested the content and the functionality of the questionnaire.
Evaluating students' satisfaction
We wanted the students to be satisfied with their learning experience, and for this reason, we used the questionnaire to keep track of their levels of satisfaction. Since the course at its core was a typical large scale lecture, part of the items for the questionnaire were developed with regard to traditional dimensions of learner satisfaction [7] . These six dimensions focused mainly on the instructor and course as a whole. The dimensions were: skill level of the instructor, instructor's rapport (empathy and friendliness), course structure, course difficulty, interaction, and feedback. The last dimension referred to whether the instructor told students about their learning progress or gave them feedback on their task performance. Since this was a large scale lecture demanding a lot of self-regulated learning without direct feedback from the instructor, this dimension was excluded from the questionnaire.
The second part of the questionnaire was supplemented by dimensions taken from eLearning success models. Since the course offered a great deal of eLearning materials, we wanted to take the eLearning parts into account separately. However, there were some technological aspects that could not be changed by the instructor. For example, the LMS or technical infrastructure could also be evaluated, but since both were maintained by the University itself, there was no possibility of improving these factors for the instructor. Thus, only factors that the instructor was in charge of were taken into account. These factors focused on the different virtual learning materials and included their technological quality (like the look and feel), their flexibility, and their usefulness in the learning process [33, 30] .
All items were rated on a Likert scale ranging from 1 (full agreement) to 5 (no agreement). Table 1 provides an overview of the items. 
Evaluating learning outcomes
The evaluation of learning outcomes is a complex field. Kraiger et al. (1993) note that there are three different kinds of learning outcomes: cognitive outcomes (such as factual knowledge), skill-based outcomes (such as proceduralization capabilities), and affective outcomes (such as attitudinal or motivational ones). Measurement depends on which kinds of outcomes are addressed [24] .
Cognitive outcomes can be measured by power tests such as multiple choice tests. In this research, part of the final exam was implemented as a multiple choice test in order to measure factual knowledge acquisition.
But higher learning outcomes such as specific skills demand the learner not only to reproduce knowledge but also to take the right steps in solving a task and deciding which learned concepts are appropriate in a given situation. These skills can be measured through methods such as observations or hands-on testing. The latter means that a given task is evaluated with regard to whether a learner chooses and performs the right steps to solve the problem. In our case, this is exactly what an exam does. For example, in the final exam the students were required to develop a model such as an entity-relationshipdiagram to a given problem description. They now had to perform several steps: identifying the relevant entities, adding the right attributes and relations, and refining the diagram by using special constructs such as generalizations in order to avoid redundancy. All these steps were assessed, and scores were given with regard to the degree of task completion. Thus, skillbased outcomes are also part of the measurement of the exam.
Attitudinal and motivational outcomes refer to states of individuals that will affect how a person acts. For example, if a learner gains more selfconfidence throughout a course, he might be able to act faster and be more self-aware in future situations. However, these "softer" factors should not be confused with the motivation that learners feel during the course. Thinking that a course is interesting and that the instructor is doing a good job are not learning outcomes, but could be considered feedback on the overall course quality. Attitudinal and learning outcomes are usually measured through self-reports. In our case, attitudinal and motivational outcomes were not the focus of the research, but they were addressed by two items of the satisfaction questionnaire (see Table 1 ).
We chose exam scores as a measure for learning success. Since the exams had a similar proportion of content in each semester (with around one third multiple choice, one third modeling, and one third open questions), the scores (taken in points, not grades) were deemed to be a reasonably objective measurement tool for learning outcomes.
Presentation of Results
The results of our study are presented in this section. Since there are four different groups of students (one for each semester), results are chronologically related to groups one to four, with group one being the first group (winter term of 2008/2009) and group four the last (summer term 2010).
Results with regard to learning outcomes
The learning outcomes were measured by comparing mean results of the exam at the end of the semester. Students could reach a score from 0 to 82 points. Table 2 shows the actual results, together with the total number of WBTs available in each semester. A Kruskal-Wallis test of variance was conducted in SPSS, as well as a Median-test. Both tests show that differences are highly significant, with p < .001. The mean score at the beginning was around 34 points. While the scores in the second semester were a little lower, they increased in semester three and four by up to 42 points. In the first semester, there were no WBTs in use, since development started only at this point. In the second semester, the first nine student-produced WBTs were offered. However, they were not directly integrated into the LMS but placed on a separate website. Since integration did not work properly, there were issues such as layout problems (very small frames, e.g.).
These issues were overcome in the next semester when the total number of WBTs was increased to 18 that were directly placed on the LMS with adjustable screen sizes. While the results do not allow concluding any causal relations, it is still salient that in the first two semesters, when no WBTs were in use or they covered only some parts of the lecture, students performed the worst. At the time when 18 WBTs were used (which covered nearly all contents of the lecture) and properly implemented, student performance clearly increased.
The hypothesis that the increased performance can at least be partially ascribed to WBTs is supported by the results of the questionnaire, where many students reported that the materials were a beneficial supplement to the script. Since WBTs were not part of the learning materials at the beginning, the question items with regard to the eLearning quality were only implemented in the questionnaires of the third and fourth semesters. Table 3 presents the results of the eLearning quality items taken from the learning service satisfaction questionnaire (explained in detail in the next paragraph) of the fourth semester. The results in general can be considered to be quite good. The students rated the items on a Likert scale ranging from 1 (full agreement) to 5 (no agreement). Thus, a rating of 1.94 for the item "The WBTs are a useful supplement of the other learning materials" indeed seems promising. The recapitulation of contents, as well as the visual appearance and interactivity, reached similar results. This seems to support the theory that the eLearning materials were actually very popular and supported better learning outcomes. The lowest scores were reached by the items "WBTs support personal learning style" and "actual usage of WBTs." These items show quite high variances. This might hint at the fact that there are indeed different types of learners and learning styles, some of which value the WBTs, while others make less use of them.
Results with regard to satisfaction
Student satisfaction was measured with an online questionnaire. It was conducted at the end of the semester just before the exam, and thus participation was voluntary. The results (mean values) are shown in Table 4 . Since our measures were iteratively improved and thus showed the strongest effects in the last semester, we also calculated the percentile increase (or decrease) of an item by comparing the fourth and the first semester. We also conducted a ttest of the variance and the medians of the different question items, comparing these semesters in order to check whether the increases were significant. Items that increased significantly are marked in Table 4 . Details of the t-test are shown in Table 5 (please note that due to constraints of space, only factors that increased by nearly 10 percent or more are shown in the table). Many of the factors that we addressed directly (such as overall satisfaction, satisfaction with materials, contents, and interactivity) increased by about 0.3 points (very roughly estimated, coming to an increase of about 10%). To check these increases for significance, the t-test conducted in SPSS first calculates the significance of the hypothesis that the variances of the variables are homogeneous (Table 5 , first column). Next, two t-tests for the mean values were conducted -one for the case where the probability of variance homogeneity was not significant (first line of each item) and one for the other case (second line). The results of the two-tailed t-test of the means are listed for both cases.
Statistically significant factors include the overall satisfaction compared to other lectures, satisfaction with content, explanations of the instructor, the degree to which the instructor managed to raise enthusiasm and further interest in the topic, and the effort students felt they had put into the course. Two of the most important items for our research, namely, the overall satisfaction and satisfaction with the learning materials, have not increased significantly, but they are at least nearly at a significant level (.077 and .069). Similar results can be identified for the perceived interactivity (.089). Taking into account both the percentile increase in satisfaction with the different aspects of the course, as well as results from the t-test, we assume that the supplementary materials indeed helped increase learners' satisfaction.
Discussion of results and limitations
In this paper we presented a concept on how to integrate students into the process of learning content production using IT tools and concepts. Students were encouraged to create true-false-items as part of the final exam. In a Web Engineering seminar they also created WBTs that were used as supplementary learning materials in the large scale lecture "Introduction to Business Informatics," thus making students co-designers of WBTs for their peers. Content creation was implemented as a coconstruction process between the students and instructors. The WBTs were then used in the lecture, and the questionnaire as well as exam results were gathered over four semesters. Results show a significant increase in learners' satisfaction as well as learning outcomes. We assume that these results are significantly caused by the new forms of interaction and implementation of the WBTs. Our assumptions are supported by the online questionnaires, where most students stated that the WBTs indeed were a useful supplementation to other materials. There are, however, several limitations due to the nature of an action research approach. Working with real students in complex learning arrangements means that it is very difficult to identify causal relations. As we compare learning scenarios that are influenced by countless different factors, the usage of single tools or methods can hardly explain the outcomes on their own. For this reason, we cannot prove causal relations from the data thus far, as we cannot strictly exclude the influence of factors that were not addressed in this paper directly. Surely, the general approaches of the instructor and his staff to improve the lecture and the script will also have influenced the outcomes.
In addition, measuring learning outcomes by exam results is problematic, since the exams changed from semester to semester. Although the structure and rating scheme stayed similar, it cannot be guaranteed that the difficulty and rating were the same each semester.
Still, the significant increases strongly hint at the fact that the concept of co-construction does work. This result is important for researchers in the domain of pedagogy who are looking for new ways of learner integration and self-regulated learning. In addition, the methods of co-construction described in this paper can also be adapted by practitioners in their own lectures in order to create valuable content.
There is still much need for further improvements of the processes described. With regard to Web 2.0 technologies and trends such as Open Innovation, it seems reasonable to enhance the content creation and review process even more by use of these methods and tools. Also, raising interaction in the classroom with the use of mobile devices which allow digital content production seems very promising. Thus, we will develop our course further with the help of Web 2.0 and mobile devices in order to create a stronger sense of community and collaboration.
